Association for Information Systems

AIS Electronic Library (AISeL)
AMCIS 2003 Proceedings

Americas Conference on Information Systems
(AMCIS)

December 2003

Test Performance and the Medium: Unearthing
Differences That Make a Difference
Jennifer Nicholson
Washington State University

Andrew Hardin
Washington State University

Darren Nicholson
Washington State University

Follow this and additional works at: http://aisel.aisnet.org/amcis2003
Recommended Citation
Nicholson, Jennifer; Hardin, Andrew; and Nicholson, Darren, "Test Performance and the Medium: Unearthing Differences That Make
a Difference" (2003). AMCIS 2003 Proceedings. 81.
http://aisel.aisnet.org/amcis2003/81

This material is brought to you by the Americas Conference on Information Systems (AMCIS) at AIS Electronic Library (AISeL). It has been accepted
for inclusion in AMCIS 2003 Proceedings by an authorized administrator of AIS Electronic Library (AISeL). For more information, please contact
elibrary@aisnet.org.

TEST PERFORMANCE AND THE MEDIUM:
UNEARTHING DIFFERENCES THAT
MAKE A DIFFERENCE
Jennifer Nicholson1
Washington State University
jnicholson@wsu.edu

Andrew Hardin
Washington State University
ahardin@wsu.edu

Darren Nicholson
Washington State University
dbnicholson@wsu.edu
Abstract
This study will attempt to provide an explanation for the disparity that exists between the literature that
purports no difference between individuals’ performance when taking paper-and-pencil versus computer-based
tests, with the literature that purports that high levels of computer anxiety will influence computer-based
performance. The question is asked, how can the findings that show high levels of computer anxiety negatively
influence performance co-exist with findings that show that there is no difference between an individual’s
performance when taking a paper-and-pencil versus a computer-based exam? This research posits that
although there may be no difference in test performance between pencil-and-paper and computer-based tests
for simple questions, there will be a test performance difference for questions that are complex. Thus, we also
ask what is the emergent phenomenon that is occurring that causes computer anxiety to reduce performance
on complex questions administered via the computer? To explain this phenomenon, we will draw upon the
cognitive psychology literature, specifically the literature regarding cognitive capacity, to show that some of
an individual’s cognitive capacity will be utilized by emotional arousal (e.g. computer anxiety), thereby
increasing the amount of cognitive load on an individual’s working memory. The increase in cognitive load
on working memory, namely computer anxiety, should not influence an individual’s computer-based test
performance for simple questions, however, it is posited that it will influence an individual’s computer-based
test performance for questions that are complex.

Introduction
With the pervasiveness of computers has come the increased use of computerized testing in both educational and organizational
settings. Although paper-and-pencil testing will never become extinct, computerized testing is becoming the norm in both
Internet-based distance education courses and traditional courses supplemented with web-based materials and exercises (Klass
and Crothers, 2000). With this inevitable shift in test administration mode, it has thus become critical to examine the differences,
if any, that computerized testing may have on an individual’s test-taking performance. It would be foolish to operate under the
assumption that as long as identical tests are given, it does not matter what administration mode is used.
It is important at the outset to note the different terms used to describe tests that are administered via computer. Computerized
testing is the most general term and encompasses any type of testing using a computer. Computer-based testing involves using
a computer to administer the same test as that given in a paper-and-pencil format; whereas computer-adaptive testing administers
test questions based on the examinee’s answer to the previous question or questions. This study is primarily concerned with
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computer-based testing, not with computer-adaptive testing. Some commonly cited and well-established advantages to computerbased testing include reduced testing time (Bunderson, Inouye, and Olsen, 1989; English, Reckase, and Patience, 1977; Green,
1988; Olsen, Maynes, Slawson, and Ho, 1986; Wise and Plake, 1989), increased test security (Grist, Rudner, and Wise, 1989),
the ability to provide instant scoring (Bugbee, 1992; Bugbee and Bernt, 1990; Kyllonen, 1991; Mazzeo and Harvey, 1988), and
the ability to schedule computer-based tests more easily than paper-and-pencil tests (Bugbee, 1992; Hambleton, Zaal, and Pieters,
1991; Wise and Plake, 1989). Despite the well-known advantages associated with computer-based testing, the question still
remains as to whether computer-based testing is equivalent to traditional paper-and-pencil administration (i.e. American
Educational Research Association, American Psychological Association, and National Council on Measurement in Education,
1985). However, this question has been difficult to answer.
Although several studies have found no difference in performance between paper-and-pencil and computer-based tests (Baird and
Silvern, 1992; Olsen, Maynes, Slawson, and Ho, 1986; Sykes et al, 1991; Ward, Hooper, and Hannafin, 1989; Wilson, Genco,
and Yager, 1985; Wise and Plake, 1989), others studies have found a difference (Bunderson, Inouye, and Olsen, 1989; Mazzeo
and Harvey, 1988). Even studies that have gone so far as to compare the performance and anxiety levels of examinees across the
two administration modes have resulted in mixed findings (Chin, Donn, and Conroy, 1991; Johnson and Johnson, 1981; Llabre
et al, 1987). Hence it may be necessary to try and uncover other underlying factors that may affect an individual’s performance
when taking a test in these two different administration modes.
The evaluation process in education has been criticized due to the high levels of anxiety that may arise from the importance placed
on academic examinations (Shermis and Lombard, 1998). The relationship between anxiety and computer-based testing was
investigated by Hedl, O’Neil, and Hansen (1973), who found that college students taking a computer-based intelligence test had
higher levels of test anxiety, before and after the test, than students given the same test via paper-and-pencil. Furthermore,
Rocklin and Thompson (1985) found that when students were given a fairly complex paper-and-pencil test, students with lower
test anxiety had a tendency to perform better than more anxious examinees. However, when given a fairly simple paper-andpencil test, examinees with moderate levels of anxiety achieved higher scores than examinees with either low or high levels of
anxiety. This anxiety, which may make it difficult for students to demonstrate the skill or mastery of achievement, may further
be compounded as computer technology is used as a substitute for traditional paper-and-pencil assessments (Shermis and
Lombard, 1998). In fact, the self-efficacy literature, which has only recently looked at the concept of task complexity as it pertains
to computer training (Bolt, Killough, and Koh, 2001), has shown that computer self-efficacy leads to computer anxiety, which
in turn affects performance. Based on the self-efficacy literature, we thus posit that there will be a difference between
performance on computer-based tests and performance on paper-and-pencil tests due to systematic individual differences of
computer anxiety. However, we further propose that these differences will occur only under conditions of increased task2
complexity. To explain this phenomenon we draw upon the cognitive psychology literature regarding working memory, cognitive
load, and performance. Thus, the purpose of this paper is to investigate the effects of computer anxiety and task complexity on
computer-based test performance in hopes of unearthing the phenomenon contributing to the inconsistent findings surrounding
paper-and-pencil and computer-based exam performances.
The rest of the paper is organized as follows: first, the literature on computer self-efficacy, computer anxiety, and performance
is briefly discussed; second, the literature on working memory, cognitive load, and their relationship to performance is explained;
and, finally , the methodology that will be utilized in this study is developed.

Computer Self-Efficacy, Computer Anxiety, and Performance
Self-efficacy, a crucial variable within the Social Cognitive Theory framework as proposed by Bandura (1982, 1986, 1997), has
been used in an assortment of areas by researchers attempting to better understand the influence of personal efficacy beliefs on
human agency. Included among the areas of research in which self-efficacy has been studied is information systems. Seminal
works within the information systems literature include a study by Compeau and Higgins (1995), who developed a computer selfefficacy construct based on the earlier work of Harrison and Rainer (1992), and a study by Marakas, Yi, and Johnson (1998) who
during an extensive literature review of self-efficacy, posited various antecedents and mediators in the computer self-efficacy –
performance relationship. Many definitions have been offered for the computer self-efficacy construct, however for the purpose
of this study, computer self-efficacy (CSE) will be referred to as defined by Compeau and Higgins (1995):

2
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Computer self-efficacy, then, refers to a judgment of one’s capability to use a computer. It is not concerned with
what one has done in the past, but rather with judgments of what could be done in the future.
Among the many mediators posited by Marakas et al (1998), was computer anxiety. Specific studies involving computer anxiety
(CA) include Compeau and Higgins (1995), a study in which CA was found to be a moderator between CSE and computer usage,
and Johnson and Marakus (2000), a study in which CA was found to be both an antecedent to CSE and a mediator in the CSE
– performance relationship. The following definition by Harrison and Rainer (1992) will be used for CA in the current study:
Computer anxiety may be defined as a response to interaction or anticipation of interaction with automated
data or information processing systems.
Both CSE (Johnson and Marakas 2000) and CA (Shermis and Lombard 1998) have been shown to influence performance. Johnson
and Marakas (2000) found, during a study designed to further establish the causal ordering of variables within the CSE –
performance relationship, that CSE perceptions were significantly related to spreadsheet task performance. Shermis and Lombard
(1998) in a study designed to determine the influence of CA during educational testing, found that low levels of CA were
positively related to both math and reading test performance.
Figure 1 represents the previously established relationships among computer self-efficacy, computer anxiety, and performance.
Computer Self-Efficacy

Computer Anxiety

Performance

Figure 1.
Some authors have identified specific variables that moderate the CSE – performance relationship. Bolt, Killough and Koh (2001)
for example, identified task complexity as a moderator between CSE and performance, and more precisely, found that computer
self-efficacy was positively related to performance when task complexity was high. Although the Bolt et al (2001) study used a
linear programming task rather than computer based test performance as the dependent variable, the results of the study clearly
establish task complexity as an important variable for consideration by researchers interested in studying the CSE – performance
relationship. These relationships are shown in Figure 2
Computer Self-Efficacy

Computer Anxiety

Performance

Task Complexity

Figure 2.
The relationships identified above are supported by previous empirical research. However, no studies exploring the potential role
of task complexity on the relationship between computer anxiety and performance was found. We propose that task complexity
will also moderate the relationship between computer anxiety and performance. In support of this relationship, the following
section explores the connection between anxiety, task complexity, and performance in greater detail

Working Memory, Cognitive Load, and Performance
Working memory, as defined by cognitive psychologists, refers to "a system for the temporary holding and manipulation of
information during the performance of a range of cognitive tasks such as comprehension, learning and reasoning" (Baddeley,
1986). Working memory, commonly referred to as short-term memory, cognitive capacity, blackboard of the mind, and mental
646
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scratch pad, is characterized by its limited storage capacity and quick turnover and is set apart from the larger capacity and
archival memory system traditionally referred to as long-term memory (Baddeley, 1986; Goldman-Rakic, 1987; Reddy, 1980).
Working memory is intimately related to where and how we direct our attention to think about things, or to process information.
The biggest limitation of working memory is its capacity to deal with no more than about seven elements (plus or minus two) of
information simultaneously (Miller, 1956). With this limitation in mind, Baddeley (1986) discusses the concept of
displacement/interference in working memory. Displacement/interference refers to the repercussions involved when additional
new items enter an individual’s working memory – existing items tend to become harder to access, can become displaced by new
information, and can result in decreased cognitive efficiency.
The displacement or interference of additional new items can be conceptualized as placing an additional cognitive load on working
memory. Cognitive load refers to the total amount of mental activity imposed on working memory at an instance in time (Sweller,
1988, 1994). The major factor that contributes to cognitive load is the number of elements or chunks (Miller, 1956) that need to
be attended to. Kahneman (1973) found that harder or more difficult tasks, as opposed to easier tasks, place greater demands on
an individual’s mental or cognitive capacity. Moreno and Bodenhausen (1999) found that the effortfulness of information
processing tasks clearly determines whether or not the imposition of a cognitive load is likely to create disruptions in cognitive
capacity. Easterbrook (1959) found that reduced performance occurred when individuals performed complex tasks in combination
with high arousal states such as high emotionality or anxiety. Eysenk (pg. 341, 1984) identified that high arousal affects
performance by reducing an individual’s attentional control, accuracy, short-term memory (working memory), and retrieval
efficiency. Deffenbacher (1978) found that non-anxious people were able to attend to the task far better than anxious individuals.
The findings above suggest that anxiety acts as a cognitive load, or adds to the existing cognitive load, on working memory,
resulting in reduced performance on tasks requiring more of a person’s cognitive capacity (Eysenk, 1984; Kahneman, 1979).
In this paper, we contend that differences exist between paper-and-pencil and computer-based testing performances but that these
differences will only manifest themselves in conditions when an individual has high computer anxiety and task complexity is high.
As discussed above, simple tasks demand very little of one’s working memory (Kahneman, 1979) leaving surplus "space" for
maintaining awareness of arousal states like computer anxiety. However, as tasks become increasingly complex, there is less
space available in working memory for maintaining awareness of arousal states like computer anxiety, and displacement
(Baddeley, 1986) of needed information (chunks) that is pertinent to task performance may occur, thereby reducing test
performance (Baddeley, 1986). The affect of task complexity on the relationship between computer anxiety and performance
is identified in Figure 3 below.
Computer Self-Efficacy

Computer Anxiety

Performance

Task Complexity
Emergent Phenomena
(Cognitive Load on Working Memory

Figure 3.
With this in mind we posit the following hypotheses:
H1

There will be no significant difference on performance between complex paper-and-pencil tests and complex
computer-based tests for individuals with low computer anxiety.

H2

There will be a significant difference on performance between complex paper-and-pencil tests and complex
computer-based tests for individuals with high computer anxiety.
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H3

There will be no significant difference on performance between simple paper-and-pencil tests and simple computerbased tests for individuals with either low or high computer anxiety.

Methodology
Design
A 2 x 2 x 2 between-subjects Factorial design (Figure 4) involving three independent variables, namely, medium (paper-and-pencil
and computer-based tests), computer anxiety (high and low), and task type (simple and complex) will be employed.
Paper-and-Pencil
Simple
Complex

Computer-Based
Simple
Complex

Low
CA
High
Figure 4.

Sample
A sample of 100 students enrolled in an introductory management information systems course3 will be used for the pilot test.
Following pilot testing, 250 students enrolled the following semester in the same introductory management information systems
course will then be utilized to collect the primary data for the study. The introductory management information systems course
was chosen, as it consists of students who are majoring in all areas of business and who have varying levels of computer
experience.

Procedure
A pilot study will first be conducted in the 2003 summer session on introductory management information students utilizing the
procedure discussed below. The objective of the pilot study will be to ensure the validity of the instruments employed (computer
self-efficacy, computer anxiety, and perceived effort), confirm the previously established relationships (Figures 1, 2, and 3), and
to identify any potential problems with the procedures used in the study. Following pilot testing and analysis, the primary data
will then be collected during the following semester from students enrolled in the same introductory management information
systems course.
Subjects will be given a pre-test survey to measure computer anxiety and computer self-efficacy. Computer self-efficacy will
be measured using items adapted from an existing scale developed by Murphy, Coover, and Owen (1989) while computer anxiety
will be measured using the same four items that Compeau, Higgins, and Huff (1999) adapted from Heinssen et al.’s (1987)
Computer Anxiety Rating Scale. Dyads will be formed by conducting an inter-quartile split (top and bottom 25 percent) – based
on an individual’s score on the computer anxiety scale. Subjects from each dyad will then be randomly assigned to one of four
treatment groups – simple paper, complex paper, simple computer and complex computer. For the simple task, subjects will be
given five simple questions to answer; whereas for the complex task, subjects will be given five complex questions to answer.4

3

The introductory management information systems course is a mandatory course for all undergraduate majors in the school of business.

4

A complex task is defined as one that requires an individual to deal with five or more pieces of information simultaneously in order to identify
a correct solution, whereas, a simple task is defined as one that requires an individual to deal with two or fewer pieces of information
simultaneously. Simple and complex questions were drawn from a bank of general IQ questions. Initial pilot testing during the Fall 2002
semester was performed to discern subjects’ (sophomore information systems students) perceptions of the question – simple or complex – and
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These questions will be administered to subjects in one of two mediums, paper-and-pencil or computer-based. The dependent
variable, performance, will be operationalized as the ratio of correct answers to the total number of answers on the exam
instrument (100 would represent the highest performance, whereas, 0 would indicate the lowest performance). The success of
the simple/complex task manipulation will be measured after each task has been completed using an instrument developed and
psychometrically tested by the authors to measure an individual’s perception of the effort that it took to answer the questions they
were given.

Conclusion
Previous research has resulted in mixed findings as to the affects of computer anxiety on test performance. The current study will
contribute to the existing literature by identifying the conditions under which computer anxiety will affect an individual’s
performance on a computer-based test. We expect to see a negative effect on performance for subjects exhibiting high levels of
computer anxiety when answering complex, computer-based questions.
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